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(57)Abstract: 

PROBLEM TO BE SOLVED: To narrow the distributing 
width of the thresholds of memory cells even when 
writing is made at a high speed without verification so 
that readout can also be performed at a high speed. 
SOLUTION: In an EEPROM having a memory cell array 
in which N-type wells 2 and 3 are separately provided in 
a periphery control section and cell array section on a 
p-type Si substrate 1 and electrically rewritable memory 
cells constituted by forming floating gates 8a-8d and 
control gates 9a-9d on the n-type well of the cell array 
section are arranged in a matrix-like state, the floating 
gates 8 are composed of Si layers doped with p-type 
impurities. 
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-h9^0Vi:L. pS'5x;l/l 8^:2 0 va:t5o d 
<Oi:t. lS?y-M 0, e-y hi^Rt>*y-7>i^i2 0 

vtc^nso tinicj:?). ^T©;<t u-h;^T'^?3iy- 
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t5i*'<'J77-r*^fTfc>n> "0" sta*^s<D>{^ 
^iso. 5v (-^y^r-rsE) izLTm^mtut lo 

•fe;KDLtV><l5b^0 VJC?*LT-7-$;>%JtoT. 0. 

[0 0 10] ctoi-pt, stjA^ififttStji^-^u 

"0" »tji*mottV^<il{iOV*^e.Vg (Read) <D 

[0 0 1 1] Jil±OiotC. S^3^(DNANDSEEPR 20 
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It. i^^tBLbfct/^-tr;b%#tyNAND-b;l/7Wtfi(r) 
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iOLfc^fcSlHl "0" -r-^rjb^Sjitnfci^^ffi-rSfc 

[0 0 1 3] i^Jiff?jA^^tT'5fci6JC. llal^fXTJV 
pp/^;l/X6Pig^ffl^ft<-r5A\ Xt±Vpp«E^J: tJlS 
< U<;P7.I5ia^jS€.LT'^U77-('S!*aLlHlliJ%M 40 
5.1" i:. "0" m^T2,^-t)V(DVth^<i^y=^ti^iz%<ii 
0. ^^iCckoTSVthA^Vg (Read) i;0:^t<^-p 
Tt$3<:i:A^feSo Sfc, Vth*Wg (Read) it)/jN 
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[0 0 18] CiiT\ *^^<DMf U^5ISiiS^ii:LT 

fijggEu j:n^i#fi[i:LTtr>>h^tg^-r?)NA 

N D S-lr;l/7 U-CT^SCT-S 5 c: i: o 
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[0 0 2 2] e-y M|tOVA^4x.&nfcBt. MS?$n 

( "0" mt'^^t^mir^, ) 
A^}*SoTl/^TVppiD;*:t^tcaiC,^l,\ Of?), ?f 

[0 0 2 3] J-;^±J:0 "0"«tji*^^. m^mcaX 40 

"0" Stii^^-b-'l/T'fe-SLTtS'?. AoTVth^^U 

[0 0 2 4] COJ:-5JC»tii^^^^ "0" -t^l/T-a^U 

^ttaj-r-StS?) J; 5 VppmEi:»tji^^^^*SS 

•b;i'0^-\':t^;l/-f':i-yaA-r^fi*a3i{kbT "0" s 
tiii'^L-b/l/CDLtl.^fil^rO V*^5>^J^©'>U (eO^lf 1 50 



#Ba¥9-36 2 5 9 

6 

~0. 3V) T*'ofcmt^^LTi3<o 
[0 0 2 5] \£yhmtC-Vmim?iP>tltzm. M^it 

Ltv^fii<D$tT'fe>3 "1" i:-ri.o 

[0 0 2 6] T-a^m^^mui. m^ttirc:^^u-t/i 

y-hSlfgS?y-hlC^5-^om'0«E-Vg (Re 
ad) (^Jxtf-Vcc) ^-^x.. SS?^t'J-b;l/T*aj5SA^ 

[0 0 2 7] g!*tliL«){tOf!ll>l*^P., -b;HDLtt/^ffi 
tilE ( "1" x-^) i:-r5A^Xtift ( "0" x-^') 
T*7bO0V*^e)-Vg (Read) (D^lcX?>i^icmU-iE 

[0 0 2 8] J-X±©J;^C, -^'J^rY^LT'^tj^ife 
[0 0 2 9] citOckoic^^^jciov^Ta, a?t§8IS 

^^LT- "0" mrjhs^'bji^oyL^i-m^ipm^mffi 

[00 30] 

mt>^ NANDSEEPROM<D;?{t'J -t^l/^jg^^-f 
[00 3 1 ] pSS i Sffi (¥«f*«S) 1 ±lc. -t^U 

3*<jgfig$nTt^5„ 
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-Vpp 
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CT-©/^>K<Dft»3*^05 (b) <Oi:otC±t< S JO 

h >^)\ymitm 1 3 ^iio T s i m^fp 2 x« 1 9 icm 
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Vfc =-KqN* /2 £s. ) X* 
i;^5o ilJlT'. ql±«?©«^^M. esi S i ©01^ 
Ni tij?jSy-h8 4'©p^^i^1^zia. Q. til 
e-;/ h^t)nS'>x;l/2Xttl 9©affiti:^^bfcIE(D 

;!/ 2 1 9 i: OP^cDSa. Vf. [tnMf- h 8 i: n S 

[0 0 4 4] cb a, h>^;i/SE{bi 1 3oii)P* 

teS^^en i:1"5i:C(B = (en , So ) /to i:* 

So 0s f±nS'j7x;i/2xai 9oas-e<o/^:^K<oft 

»3 ck 4^ x >"> + ;i^^(k*T' o 

[0 0 4 5] (1) ^X (qN» /2 es. ) x' 



[0 0 4 3] f-Ymmm. \ Am.m(fywm. 
y-h8iim^ME?nT/^>Koft»3tt^t,^o ^c-e 

MOSFEKOmffiti, 



+ (Q, /Cm ) +«s -V» } ■• (1) 

^I'Kfbii 1 3 ois^ojfiiy- h 8 x%±\z nm^^)V 

2X14 1 '^xm.VfznMQ^■^iy-)VYLX^^^^tt 

^t. V >*;i/K{bii 1 3 i&.m<onmf- v s l 

Cob. (Vk -Vo +Vn ' ) = Q2 (2) 

20 tr^^. z.^x\ Cm immv-Y^t^mv-YB 

[0 0 4 6] (l)^i (2)^<fc'3^jSy-h8fOh- 



;Hlfl::M i 3 j£^T'<0}?iiy- h 8 ©a> K<?)ft t) * 

Qa -Qi =C(M. (Vfc -Vcc +Vn ' ) 

+ C<« {Vfc + (qN. /2 es. ) X' -Vfi } •• (3) 

*^§t3i»^nS'>x;l/2X« 1 9taitfcjt^©x^ 30 l\ ^-O^iifiiy- h 8 4"® h-^'^KOSl^lQ. - 
;l/:?-M>'K0*%^5o ^0^> J?jiy- h 8 tt^O/^* Q. tt0K:5:5OT- 

C. Vfc = Cm (Va "Vfi ' ) 

-Cm { (qN. /2 £m ) X' +0S -Vfi } - (4) 

2;^5„ ddT. C, =C<»o +Cax T'SSo •i:!rfc:;:i:JcJ:Sli]^i:#t<^So 
^, Q. «j?iiy-h8©/<>'K<Dftt3®mT'SS{bL-5:ir [0 0 4 7] 

Q. =q N» X • An ••• (5) 



(2) X (4) 



(5) Sit) 
Q. 



= C(«D [(Coo 

- (Co /c. 

= qNA X • A« 



/C. - 1) (Vcc -Vfi ' ) 

) KqN» /2 £s. ) X' +05 -Vf. }] 



[0 0 4 8] 



- (6) 

^^■if^tmS. (6) S^^J^LT. 



<1ZX\ Com =yC. i:Ly%A'v7'U^ 
(qN» /2 ei. ) X' 
+ (to/yco) qN» 



X + Vcc -Vn ' +0S -Vfi =0 - (7) 

[0 0 4 9] (7) iCt*5l/^Tj?JSy-h8T-©/^yK© (7) 
ftOM (qNi /2£i ) X' t)mn^<r>yc^ (eV* 

-Vc = (to / y £0 ) qN. X + Vcc - Vfi ' +«$ -Vfi - (8) 
(8) ^^UBLX. 50 
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N. = { (Vet -Vn ' +0t 
X (y £ffl /to 

T. "0" Stii*B#<outv>fflco5^?5i|iB!05< 
TtSo (9) ST-S^ji^^^lC-tr;!/^^^^^^^©!!!!^* 

N. = {3. 6x 1 o' (y Vft ) 
tftO, t«=y (nm) . Vc, =1 (V) tt^ « 

N* =3. 6x 1 o" (y Va ) ' 

X= (2 es. Ve, /qN» ) 
= (2 Vc to ' /y I Vc I ) 
~ (v., xexy/y I Vec I ) 

m^l>i: y = l/2. I Vcc l=2 0V. y = 10nm 

h8T-«n^'^x;l/2Stf 1 9©gaT'^4Lfcm<5Q 
. {i#2l'>-*-h8<D2gS)iJ:0S'Jffliy-HPJl9T'tt>'- 20 

[0 0 5 1] ccom^x't. mtjhmimmf-h8 
^^t^t. t(Dm^ti^hy^)imitmi 3^sts i 

[0 0 5 2] mmmmmtLx. nfm^f-hstopm 

A' T-mfcBt±ffi^^{b?-ti:TLf 9:^^*^*0 3 5o 

<ot5ffl^^-r, 40 

[0 0 5 3] p^JS i««l±ti:V-X • KW>i:^ 
?.nSffiSll2 1 a, 2 1 bA^Jg^^n. 

±tc h y^^jvmitm 1 3 Lxnmf- h s 

n. ^ <D±k:y- h ^igigiii 1 4 LTStjffliy- h 9 

A^jg^^nrt/^So ^-LT. p{^:U-t;i/QKu-r>2 1 

[0 0 5 4] *^SSJ^.^ti3V^Tti, STt^fi^lC 

p<t'J-tr;l/OLti/>ffl^^^{±. "0" x-^ffftiX^tc-tr 
;UJK*aJL^t*Jaiy-h 9K:4^5«EV g (Rea 50 



-Vfi ) ' /2 £s. Vc 
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• • (9) 

*'>x;l'2X{±l 9«DSffil±+^}-SS£LTi3'3. +V 

^fiESi:-rstVn +Vi. ' -Otrji^o (9) SCtcfias 
' ) /Vc to ' -(10) 
y'/cm' -(11) 

[0 050] c <^)^©j?iiy- h 8 jpco^^mcomzsx 



• e SI / e (H 

nm ••(12) 

d) J:t)iS<> "1" x-^»^E*-tr;WiOV*^e,V 
g (Read) <04'tX-DTt^5i£5'S*^fe§o 
[0 0 5 5] 08ti:, -b^l/TW (4e-yh) (D^ffiiH 
K^^-To 08tcT5tLT'fflA.f£-t;l/^S*?lcg!^»tB-r^ 
^, ^fSS?7-Ki^WL l^OV, ±t®V-Xi|gSfeO 
V, h^B L 1 tfe^iE©mfi^#;^^o ^-O 

n^mtixL^i^^wm^tiiL-r^o i^-ox. "r^r-r? 

[0 0 5 6] t:(r)J;9^;^^'J-fe;Hi:fcv^Tfe. 

12 1 icmif?>m^(om^umx'^ " i - x-^^^tii 

[0 0 5 7] $fc. *^Kt43it§;>{^rU-lr;i/ari-y h 
tttlli^ Lfc N A N D -t^lz-^N 0 R •b;l'tcR|;5 fe(OT*tt^ 

mmv-7.mcmmLrcD i NOR-b;i/jcfejifliT't 
Lxe-yh^tc. ffi:^^-^tit)SS?'5r*-h%:n-LTy- 

X^tcg^LfcAND-b;I/tcfeiifflT't5o ^©ffi, * 
ctts^^mx'h^o 

[0 05 8] 

A N D •!: 5 * 5 U -b^l/r Ui' t SM(D 

pM^mo y-:ni u " 0 " stii^^^. ^s^tc 

E(D "0" 8taA^^^-t!;l/T'fe-SLTfc>), ioTVth 
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[02] maollfiiiWcffit^fc^S^tt^t'J-b;!/®^ 
[0 3 ] m 1 StfM 2 ©Hfilf^iJtfettS t 'J -b^l/T U 10 

[04] ^iRxsmzcommmicisi^^ "o" sii^^-t 

[05] 04©A-A' 8i®t43ttSx^;l/^--'^>K 
0. 

[06] f^3(ommmic^if^:<=ev-tfmm^m.m 

5RtO/^-r7XH^;&5Kl-tr;l/«jiK®0„ 

[07] m3(ommnc^if?>:<'Ev-k)V(DL^i>m^ 
i^^^.tm^ 20 

[08] ^3©||filWc43tj-5;«^:'J-b;l/7b'fOllffi 
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[0 9 ] ^^qitcioij 5 NANDSEEPRO M(0-t)l 
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